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Abstract-In this research, an adaptive timely traffic light is 
proposed as solution for congestion in typical area in Indonesia. 
Makassar City, particularly in the most complex junction (fly 
over, Pettarani, Reformasi highway and Urip S.) is observed for 
months using static cameras. The condition is mapped into fuzzy 
logic to have a better time transition of traffic light as opposed to 
the current conventional traffic light system. In preliminary 
result, fuzzy logic shows significant number of potential reduced 
in congestion. Each traffic line has 20-30% less congestion with 
future implementation of the proposed system. 
I. INTRODUCTION 
In Makassar City, the increasing number of vehicles is not 
in accordance with the development of road infrastructures. 
The Indonesia Police Department of Makassar reveals that as 
twice of new vehicle number compare to last year operations in 
the streets (Polda, 2013). An efficient and well transportation 
management system is compulsory to cope this inevitable 
problem. 
Similar research are conducted using algorithm that not 
only detecting the vehicle but also measuring the speed of 
objects [1]. Other approach using multiple traffic light 
controller and monitoring system [2]. The vehicles are detected 
by sensors and then counted to give input for microcontroller to 
build decision. Furthermore, fuzzy logic has been used for 
second stage phased in controlling traffic light. First stage to 
decide urgency of congestion for the red light and the second 
stage to consider the delay of green light as response to the first 
stage [3]. 
From all previous research discussed above, none of them 
considered mixed state traffic condition. Moreover the main 
difference from the proposed research in this paper is the use of 
camera instead of censors that required pattern recognition 
algorithm which is discussed briefly in this paper. 
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II. MIXED TRAFFIC CONDITION 
A. Current Traffic Condition 
Makassar City is one of the most developed CIties in 
Indonesia. The cross section observed in this research is a 
mixed traffic condition and located in the heart of the city. 
Fig. 1 shows simplified view of particular section of 
observation. Each section has two directions, forward and 
backward from the center. For more realistic view, is shown in 
Fig. 2. 
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Figure 1. The Cross Junction Section 
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Figure 2. Realistic view of observation 
(Courtesy of Google Map) 
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Figure 3. Process of Acquiring Data 
It can be seen from Fig. 2, the complexity of traffic 
management in cross section. Two cameras are put in each line 
view. This purpose is to let pattern recognition accomplished 
more accuracy. 
B. Data Acquiring and Pattern Recognition 
The cameras positions are established at several trial-errors 
in order to maximize image capturing. The parameter of lower 
and upper detection are not discussed deeply in this research 
since in this paper mainly focus on fuzzy logic performances. 
Viola Jones is used as detector for moving object, where in 
this particular paper is limited to cars as objects. These data 
acquiring, processing and detection are then fed to fuzzy logic 
for mapping decision. 
Table 1. Linguistic Value 
Linguistic Value 
INPUT OUTPUT 
Obsrv Queing LAMP Duration 
(Observed Line) (Qlleing Lille) (E) 
Shott (S) Shalt (SI) Shott (P) 
Medium(M) Medimu(M) Medium(M) 
Long (L) Long(L) Long (L) 
VelY Long (VL) VelY long (VL) VelY long (VL) 
III. SYSTEM DESIGN 
A. Fuzzijication 
There are two variables defined as input and output. Traffic 
density (input) and time of light ignition (output) are divided 
into four membership function as shown in Table 1. 
In this preliminary research, the linguistic values are 
detennined based on observation and intuitively scale under 
those categories in Table 1. Undergoing research still try to 
find formulation for better and more accurate time scaling. 
From months of observation shows that the lowest number of 
queuing is 0 to maximum of 20 cars. So simplification is made 
for each incremental number of 5 in each scale . 
B. Rule Base 
The rule base between these two variables i.e. number of 
queuing and time duration. 
1. If (PATH_O is SHORT) and (PATH_Q is SHORT) then 
(LAMP is SHORT) (1) 
2. If (PATH_O is MEDIUM) and (PATH_Q is SHORT) then 
(LAMP is MEDIUM) (1) 
3. If (PATH_O is LONG) and (PATH_Q is SHORT) then 
(LAMP is LONG) (1) 
4. If (PATH_O is VERY_LONG) and (PATH_Q is SHORT) 
then (LAMP is VERY_LONG) (1) 
5. If (PATH_O is SHORT) and (PATH_Q is MEDIUM) then 
(LAMP is SHORT) (1) 
6. If (PATH_A is MEDIUM) and (PATH_Q is MEDIUM) 
then (LAMP is MEDIUM) (1) 
7. If (PATH_O is LONG) and (PATH_Q is MEDIUM) then 
(LAMP is LONG) (1) 
8. If (PATH_O is VERY_LONG) and (PATH_Q is 
MEDIUM) then (LAMP is LONG) (1) 
9. If (PATH_O is SHORT) and (PATH_Q is LONG) then 
(LAMP is SHORT) (1) 
10. If (PATH_O is MEDIUM) and (PATH_Q is LONG) then 
(LAMP is SHORT) (1) 
11. If (PATH_O is LONG) and (PATH_Q is LONG) then 
(LAMP is MEDIUM) (1) 
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I2. If (PATH_O is VERY_LONG) and (PATH_Q is LONG) 
then (LAMP is LONG) (1) 
13. If (PATH_O is SHORT) and (PATH_Q is VERY_LONG) 
then (LAMP is SHORT) (1) 
14. If (PATH_O is MEDIUM) and (PATH_Q is VERY_LONG) 
then (LAMP is SHORT) (1) 
I5. If (PATH_O is LONG) and (PATH_Q is VERY_LONG) 
then (LAMP is SHORT) (1) 
I6. If (PATH_O is VERY_LONG) and (PATH_Q IS 
VERY_LONG) then (LAMP is MEDIUM) (1) 
This rule base gives best result in simulation in term of 
shorter queuing of cars. However one of our ongoing 
researches is to map this rule base with computing tools. 
IV. RESULTS AND DISCUSSIONS 
In this research, there are two input variables used as 
builder logic, i.e. the number density of the observed lines and 
the number of queued track density. 
Based on the observations that have been made in the 
field by observing the volume of vehicles passing through 
each movement of traffic lights at the intersection of Pettarani, 
Urip S. and Reformasi Highway obtained maximum value of 
vehicles that can pass for a maximum of 27 seconds ahead of 
20 cars (=1.35sec/car). But on the field observations at a given 
time, the number of vehicles waiting to reach 30 cars that there 
was still some 10 cars were still waiting the next pass. It may 
create a traffic jam on the track. Therefore, the value of the 
green light should be raised to determine the traffic density 
values from 0 to 30 cars were used as the input of the path 0 
and Q lines in green light duration at 0 up to 40.5 seconds as 
the output range. 
The efficiency of fuzzy logic method on track of 
Pettarani is shown in Table 2. It can be seen that the decision 
system using fuzzy logic method can minimize the transition 
time of traffic lights based on the density of the observed track 
and the queued track. For example, the condition of the 
number 2 when the number of vehicles on the track 0 = 1 and 
the number of vehicles on the line Q = 13, lights decision 
system using fuzzy logic method is 7.33 seconds, while the 
timer is 27 seconds. Decision-making system using Fuzzy 
Logic method on Pettarani track with input 0 = 1 & Q = 13 
and 0 = 19 & Q = 4 is shown in Fig. 4 and Fig. 5, 
respectively. 
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Table 2. Comparison decision of Timer lights with Fuzzy 
Logic based on observation system to track Pettarani 
TRACK 
FLASH LAMP 
NO 
0 Q QQ 
P u T TIMER FL/Green Yellow Red 
(Sec) (Sec) (Sec) (Sec) 
1 26 4 14 27 29.5 3 63 
2 1 13 17 27 7.33 3 34.89 
3 9 10 8 27 13.4 3 38.29 
4 18 3 4 27 23.6 3 59.2 
5 8 10 6 27 13.2 3 26.48 
6 18 18 10 27 16.4 3 40.1 
7 8 11 9 27 13.2 3 31.8 
8 20 1 6 27 27 3 64.1 
9 13 3 15 27 18 3 29.6 
10 20 10 5 27 27 3 32.7 
11 9 10 8 27 13.4 3 29.4 
12 14 10 10 27 19.2 3 26.36 
13 19 4 14 27 24.9 3 36.2 
14 12 15 7 27 15.6 3 28.27 
15 5 11 3 27 11.8 3 31.2 
16 27 2 7 27 30.5 3 60.4 
17 1 10 7 27 6.91 3 26.16 
18 7 14 10 27 12.4 3 36 
19 17 7 6 27 22.5 3 28.19 
20 20 1 7 27 27 3 60 
Note:O = Observed track, Q = Queued track 
QQ = Post queued track, 
P = Track A.P. Pettarani, U = Track of Urip Sumobarjo 
T = Reformasi Toll, FL = Fuzzy Logic 
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Figure 4. Decision-making system using Fuzzy Logic method 
on Pettarani track with input 0= 1 & Q= 13 
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Figure 5. Decision-making Fuzzy Logic method on track 
Pettarani with input 0=19 and Q=4 
The performance of the proposed system to reduce 
congestion using Fuzzy Logic method can be demonstrated by 
comparing the number of vehicles that can be passed by Fuzzy 
Logic system with a conventional system (Timer) on each 
track. Comparison of the duration of the lights between the 
conventional system (Timer) and Fuzzy Logic system at 
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Pettarani track are shown in Table 5. The observations made 
in Pettarani, Urip S. as the track is being queued and Toll 
Reform is next queued track. 
In Table 5, observations on track Pettarani used 20 
samples. Fuzzy Logic system leaves 20 vehicles while the 
timer is only 13 vehicles. Because the fuzzy logic system is 
not only concerned with the observed track but also on the 
path to being queued, while the Timer only pay attention to the 
observed track. Thus, when road conditions are fewer 
vehicles, Timer wi11 leave a lot of time wasted that could cause 
traffic congestion at the intersection and another intersection 
located nearby. 
V. CONCLUSIONS 
Research of timely adaptive traffic light based on traffic load 
using fuzzy logic method has been studied. This research was 
conducted in cross section of Pettarani, Urip S., Reformasi 
Highway and fly over in Makassar. The results showed that 
the fuzzy logic method can minimize the time the traffic lights 
in order to reduce the level of congestion. For example, the 
number of cars is 1 and the next tum track is 30, then the 
traffic lights time of fuzzy logic system is 4.42 seconds. 
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Tabel 5. Fuzzy Logic in Handling Congestion at Peltarani 
TRACK 
FLASH LAMP PASSED VEHICLE 
SYSTEM PERFORMANCE FOR HANDLING CONGESTION 
NO 
0 Q QQ 
P U T 
1 26 4 14 
2 1 13 17 
3 9 10 8 
4 18 3 4 
5 8 10 6 
6 18 18 10 
7 8 11 9 
8 20 1 6 
9 13 3 15 
10 20 10 5 
11 9 10 8 
12 14 10 10 
13 19 4 14 
14 12 15 7 
15 5 11 3 
16 27 2 7 
17 1 10 7 
18 7 14 10 
19 17 7 6 
20 20 1 7 
Note: 
o = Observed track 
Q = Queued track 
TIMER 
(Sec) 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
QQ = The next queued track 
FLIGreen 
(Sec) 
29.5 
7.33 
13.4 
23.6 
13.2 
16.4 
13.2 
27 
18 
27 
13.4 
19.2 
24.9 
15.6 
11.8 
30.5 
6.91 
12.4 
22.5 
27 
0' = The car remaining on observed track 
Yellow 
(Sec) 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
TOTAL 
0" = The number of car potentially caused congestion 
PASSING TIMER FL 
Red 
TIME 
ICAR O'(Car) 0" (Car) O'(Car) 0" (Car) 
(Sec) 
TIMER FL 
63 1.35 20 21.85 - 21 6 0 5 0 
34.89 1.35 20 5.43 - 5 0 19 0 4 
38.29 1.35 20 9.926 - 9 0 11 0 0 
59.2 1.35 20 17.48 - 17 0 2 1 0 
26.48 1.35 20 9.778 - 9 0 12 0 1 
40.1 1.35 20 12.15 - 12 0 2 6 0 
31.8 1.35 20 9.778 - 9 0 12 0 1 
64.1 1.35 20 20 - 20 0 0 0 0 
29.6 1.35 20 13.33 - 13 0 7 0 0 
32.7 1.35 20 20 - 20 0 0 0 0 
29.4 1.35 20 9.926 - 9 0 11 0 0 
26.36 1.35 20 14.22 - 14 0 6 0 0 
36.2 1.35 20 18.44 - 18 0 1 1 0 
28.27 1.35 20 11.56 - 11 0 8 1 0 
31.2 1.35 20 8.741 - 8 0 15 0 3 
60.4 1.35 20 22.59 - 22 7 0 5 0 
26.16 1.35 20 5.119 - 5 0 19 0 4 
36 1.35 20 9.185 - 9 0 13 0 2 
28.19 1.35 20 16.67 - 16 0 3 1 0 
60 1.35 20 20 - 20 0 0 0 0 
13 141 20 15 
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